We present models of the low and high solar activity thermospheres and ionospheres of Venus for a background atmosphere based largely on the VTS3 model of Hedin et al. [1983]. Our background model consists of 12 neutral species, and we compute the density profiles of 13 ions and 7 minor neutrals. We find that the peak production rates of some ions, such as CO• + and N• +, vary approximately as the solar flux and that some, whose parent neutrals are photochemically produced, such as O +, N + , and C +, show variations that are amplified over that of the solar flux. The solar cycle variation of the O• + density at its peak is about a factor of 1.6, in good agreement with the radio occultation measurements and previous models. The peak density of N• + varies by a factor of • 2, but that of CO + varies by a larger factor because the mixing ratio of CO is also correlated with solar activity.
and t(liore, 1997]. The in situ and remote-sensing measurements made by instruments on the Pioneer Venus (PV) spacecraft, which orbited the planet from 1978 to 1992, have provided the most detailed description of the Venus thermosphere/ionosphere at high solar activity. Comparable in situ measurements at low solar activity are lacking, since periapsis of the PV spacecraft was outside the ionosphere during solar minimum periods. Measurements were carried out, however, by the the measured peak was shown to remain near 140 km from 0 ø to 700 SZA at high solar activity. This was explained as being due to the Collapse of the neutral atmosphere, which compensates for the increase in path length as the solar zenith angle becomes larger. Cravens et al. also noted the occurrence of a ledge in the electron density profile near 125 km, which they attributed to the absorption of soft X rays. Kim et al. [1989] Many rate coefficients for relevant ion-molecule, neutral-neutral, and dissociative recombination reactions have been revised in the 10-15 years since most of the models of the ionosphere of Venus were constructed.
Using updated values for the chemical rate coefficients and cross sections for photon and electron interactions with the background atmosphere, we model here the density profiles of 13 ions and 7 minor neutral species, with an emphasis on their variations with solar activity. A preliminary version of this model was presented briefly by Fox and Kliore [1997] . We compare the resuits to previous models and to the available in situ and radio occultation data.
The Model
Density profiles for CO2, N2, O, CO, N, and He and the neutral temperature profiles were taken from the VTS3 model of Hedin et al. [1983] , which is based on measurements of the PV Orbiter Neutral Mass Spectrometer (ONMS) [e.g., Niemann et al., 1980] , normalized to the Orbiter Atmospheric Drag (OAD) data [e.g., Keating et al., 1980 ]. An 02 mixing ratio of 3 X 10 -3 was adopted, as inferred by Paxton [1985] from the atomic carbon density profiles derived from the intensities of the C I 1657-and 1561-• airglow features measured by the PV Orbiter Ultraviolet Spectrometer (OUVS) [e.g., Stewart et al., 1979] . Eddy diffusion coefficients of 9 x 10•2/n ø'5 cm2s -• at high solar activity and 7 x 10•2/n ø'5 cm 2 s -• at low solar activity, where n is the total number density, were determined by one-dimensional fits to the VTS3 N2 profiles and used to construct the density profiles of 02, H, H2, At, NO, N, and C. The eddy diffusion coefficient in a one-dimensional model represents a combination of mixing due to large-scale winds and small-scale turbulence. One might expect the eddy diffusion coefficient to be larger at high solar activity than at low because the larger solar EUV fluxes at high solar activity lead to stronger thermospheric winds. Our derived values are, however, empirical and not based on any assumptions about the cause of the increase. The eddy diffusion coefficient derived from the PV Bus Neutral Mass Spectrometer measurements was within a factor of 2 of 1.4x 1013/nl/2 [von Zahn et al., 1980] and is therefore in acceptable agreement with our high solar activity value.
There is a large range in the measured values for the mixing ratios for the isotopes of Ar in the atmosphere of Venus. The total mixing ratio of 36At q-38At + 4øAt was measured by several instruments on American and Soviet spacecraft. Values from 40 to 200 ppm were recorded, and the Venus International Reference Atmosphere recommended a mixing ratio of 704-25 ppm [von Zahn and Moroz, 1985] . Von Zahn et al. [1983] have argued that the gas chromatographic measurements are more reliable than the mass spectrometer measurements, since they are less subject to pumping problems and impurity leaks. We have chosen a value The solar maximum H density profiles were constructed by varying the bottom boundary condition so that the densities in the 160-to 180-km region reproduced those derived by Taylor et al. [1984] [see also Grebowsky et al., 1995] . Using the same method in the predawn bulge region during the teentry period of the PV spacecraft, Grebowsky et al. [1995] showed that the H densities were larger by a factor of ~ 6 at moderately low solar activity. We have assumed that the H densities are ~ 6 x 105cm -3 near 160 km in the low solar activity model and ~ 1 x 105 cm -3 in the high solar activity model. The H2 mixing ratio of 1 x 10 -7 at the bottom boundary was adopted from the model of Yung and DeMote [1982] .
The lower boundary of both models was assumed to be at 90 km, and the upper boundary of the high solar activity model was assumed to be at 400 km. Because the ionopause at solar minimum is observed to be lower than that of the high solar activity model, usually between 200 and 300 km [e.g., , the upper boundary of the low solar activity model was taken to be 320 km. For the VTS3 model, F•0.7 was assumed to be 80 at low solar activity and 200 at high solar activity, at equatorial latitudes, and 1600 hours local time; the solar zenith angle was therefore 60 ø. Figures la and lb show the background model atmospheres for 10 of the 12 species for low and high solar activities, respectively. The density profiles of NO and C were computed selfconsistently in the model and will be presented in section 5.2. Although N density profiles are given by the VTS3 model of Lredin et al. [1983] , we also compute those densities and compare them to the VTS3 values.
The solar fluxes longward of 18 • were taken from the SC•21REFW and F79050N spectra ofH. Hinteregget (private communication, 1979) [see also Tort et al., 1979] , for low and high solar activities, respectively. In these spectra the continuum fluxes are given at 1-• res- considerable structure, and the variability in the shortwavelength solar lines can reach factors of ~ 100. In the harder X-ray region the variations are larger, reaching factors of 10 3--10 5 for solar flares. Here we have somewhat arbitrarily assumed that the fluxes shortward of 18 • are a factor of 10 smaller at low solar activity than at high solar activity. This assumption may be an underestimate, and indeed, the actual variability may be due to the presence or absence of solar flares, but these short X rays only affect the ion densities below 100 km, where they are small, and the odd nitrogen densities in that altitude range. We have included photoionization, photodissociation (for molecules), and electron impact excitation, ionization, and dissociation (for molecules) of CO2, At, N2, O, CO, 02, NO, N, C, H, H2, and He.
The ion and electron temperatures were adopted from PV measurements at high solar activity [e.g., Knudsen et al., 1979; Cravens et al., 1980] , and the electron temperature in the low solar activity model was assumed to be the same as that at high solar activity. The electron temperatures are not expected to vary much with solar activity, because both the production mechanism for energetic electrons, photoionization, and the major energy loss process, collisions with ambient ions, increase with solar activity [e.g., Nagy and Cravens, 1997]. Brace et al. [1987] showed that in the 300-400 km region in the terrestrial ionosphere, Te exhibited a weak variation with F•0.7, increasing by ~ 3 K/F10.7 unit for the 400-500 latitude range, although at latitudes below 10 ø the variation was ~ 7 K/F10.7 unit. Electron tempera- vals in the continuum. The atomic O photoabsorption cross sections were adopted from Samson and Pareek [1985] and Angel and Samson [1988] . The He photoabsorption cross sections were taken from Samson et al. [1994] . For H2 the high-resolution cross sections constructed by Kim and Fo•: [1994] were adopted for the solar lines and were averaged over 1-• intervals for the solar continuum. For atomic nitrogen from threshold to 31 ]i the photoabsorption cross sections of Samson and Angel [1990] were adopted, with the structure in the 610-700/1. region averaged out.
The rate coefficients for ion-molecule, neutral-neutral, and dissociative recombination reactions have been extensively revised over the last decade, and complete lists are given in Tables 1, 2, and 3, respectively. In Tables 1-3, the original sources are cited, except when an averaged value from an evaluated compilation such as that of Herron [1999] or Anicich [1993] is adopted. The latter compilation has also been used as a guide when there are multiple measured values of an ion-molecule rate coefficient. The transition probabilities for radiative loss processes are listed in 
where kf is the rate coefficient for the forward reaction (R41) and Z is the partition function for the O fine structure levels, which is given by Z ----1 + 0.6exp(-228/T,•) + 0.2exp(-326/Tn).
(2)
The factor of 8/9 in (1) is the ratio of the electronic degeneracies (2L + 1)(2S + 1) of the products divided by those of the reactants [cf. Banks and Kockarts, 1973].
The rate coefficient for the charge transfer reaction, 1.00x10 -1ø 1.35x10 -9 6.40x10 -1ø 6.00x10 -11 1.00x10 -9 1.30><,10 -9 7.00x10 -1ø 1.20><,10 -9 1.00x10 -11 5.70x lO-1Oe-4OO/T• for Ti <4000 K 1.50x10 -1ø 1.50x10 -9 4.50x10 -11 1.50x10 -11 6.03 x 10 -8 (300/Te)ø'5 6.00><,10 -11 1.00x10 -9 1.30x10 -9 1.30x10 -1ø The major ion production rates peak in the 138-142 km region. CO2 + has the largest peak production rates of 1.13x 104 cm -3s -• at 141km and 2.8x 104 cm -3s -• at 138 km, at low and high solar activities, respectively. The solar activity variation is thus a factor of • 2.5, which closely reflects the variation of the solar ionizing fluxes. The peak production rates of N2 + show a similar variation of a factor of slightly more than 2.5, from 8.3 x 102 cm-3s -• at 142 km to 2.1 x 103 cm-3s -1 at 139 km. The O + (4,•) peak production rates vary by a factor of • 3 from 1.97 x 10 3 to 6.0 x 10 3 cm -3 s -1 from low to high solar activities. Most of the O + produced near the peak is due to dissociative ionization of CO2, and the slightly larger variation than that of the solar EUV fluxes is due to the increase in the mixing ratio show that the O+(4S) production rate near the peak is parallel to that of CO2 +, but at higher altitudes the profiles are parallel to the O density profiles. O becomes the dominant constituent above --• 160 km at low solar activity and above --• 150 km at high solar activity. A similar effect is seen for CO + , for which the production rates vary by a factor of 3.4, from 1.79 x 103 to 6.1 X 10 a The•NO + production rate profile is a superposition of two peaks. The upper peak in the 138-141 km range, which is evident as a shoulder in the total production rate profile (Figures 3b and 4b) , is due to ionization by solar EUV photons and photoelectrons. A larger lower peak appears near 117-119 km and results from photoionization of NO by Lyman alpha. The variation of the production rate near the upper peak is a factor of 2.5, and near the lower peak it is a factor of 3.8. This low-altitude enhancement is larger than the variation of the solar Lyman alpha line, which is a factor of ~ 2.9 in the Hinteregger spectra. This is mostly because the km at low solar activity to 4.6 x 10 -2 at 169 km at high solar activity. The altitude of peak production of H + is higher than that of the heavier ions because it is produced mainly by ionization of H, which has a much smaller mass than the average mass of the atmosphere. Using the same approach as Chapman theory, it can be shown easily that for an isothermal atmosphere with one major and one minor species j, the optical depth r at which the maximum ionization rate of the minor species occurs is given by r-H/Hi,
Reaction Rate Coefficient, cm 3s-• References
where H is the scale height of the major species that controls the photoabsorption and Hj is the scale height of the minor species. Thus, for a species that is much lighter than those that control the photoabsorption, which are CO2 and O in the lower thermosphere of Venus, the maximum ionization rate occurs at a much smaller optical depth and is therefore higher in the atmosphere than that of the major species, for which the maximum ionization rate is near r-1.
The He + production rate peak varies by a larger factor of 3.7, from 0.32 cm -3 s -• near 147 km at low solar activity to 1.2 cm -3 s -• at 146 km at high solar activity.
The solar activity variation in the peak He + production rate is enhanced because solar flux variations are larger at wavelengths shorterward of the He ionization threshold at 504.8 .• than at longer wavelengths. C + is produced at low altitudes by photodissociative ionization and electron impact dissociative ionization of CO2 and CO, and at higher altitudes, C + is produced by ionization of C. The production rates at the peak are 860 cm -3 s -• at 139 km and 2480 cm -3 s -• at 137 km, for the low and high solar activity models, respectively. This variation of a factor of 2.9 is slightly enhanced over that of the solar EUV fluxes mostly because the mixing ratio of CO and therefore the production rate by dissociative ionization are enhanced at high solar activity.
The direct production rate profiles of O+(2D) and O+(2P) also exhibit larger variations than that of O+(4S), since in this model they are assumed to be 
where P is the total production rate (which is approximately equal to the direct ionization rate of CO2), a Factor by which peak densities increase from low to high solar activities. bread as 2.0x 10 a. CLower peak.
dUpper peak.
dominates the production of NO + at and above the electron density peak near 140 km over the entire solar cycle. There is also some contribution from (R15)
+ + N -• NO + + O
in the same region. Since the major loss process is dissociative recombination, the specific loss rate is proportional to the electron density and thus increases with solar cycle. Because, however, the densities of the reactants in the production reactions also increase significantly from low to high solar activity, the resulting variation of the peak density of NO + near 136 km is substantial, a factor of .-• 2.5.
There is a lower peak in the NO + density profile near 120 km that varies by a factor of 1.5 over the solar cycle. Although there is also a maximum in the direct production rate near this altitude that is due to photoionization of NO by solar Lyman alpha photons, the density peak is not due to this process. NO + is produced largely by charge transfer from 02 + to NO (reaction (R17))in The atomic ion peaks form at high altitudes because the only chemical loss processes are reactions with neutrals, whose densities decrease with altitude. As is well known, the atomic ion densities would increase with altitude indefinitely, if diffusion did not eventually become more important as a loss mechanism than chemical reactions. Thus F2 peaks in the atomic ion density profiles form where the lifetime for loss by diffusion is equal to that for chemical loss. These peaks in the atomic ions barely appear in the total electron density profile in the low solar activity model, but a prominent shoulder appears at the O + peak in the high solar activity model. This will be discussed further below. The CO2 densities, however, increase by only a factor of 2-4 from low to high solar activities in the 200-225 km altitude range in the VTS3 models, and thus the loss rates do not increase enough to compensate for the large increase in the production rates. At high altitudes the solar cycle variation of the molecular ion densities is opposite to that of the atomic ions; that is, they are anticorrelated with the solar flux. At
The peak C + density varies

km the O• +, NO + , CO}, N• +, and CO + densities
decrease from solar minimum to solar maximum by factors of 114, 66, 20, 9, and 5, respectively. The largest decreases are for those ions for which the most important loss process is dissociative recombination over a wide altitude range. Since the electron densities increase with solar activity, the loss rates of molecular ions by dissociative recombination also increase with solar activity. Thus, from low to high solar activities the model ionospheres exhibit composition changes, not just increases in the ion densities. At high solar activity the atomic ions make up a larger fraction of the total ion densities than at low solar activity, and the effect is greater at high altitudes than near the electron density peak. A similar composition variation for the nightside ionosphere was noted by Grebowsky ½t al.
[1993] from PV OIMS data during the teentry period of the PV spacecraft. On the nightside the atomic ion densities (and thus the electron densities) increase from low to high solar activity, owing to the increase in the day-to-night ion transport. Thus the molecular ions on the nightside also are depleted at high altitudes owing to greater loss by dissociative recombination. Near the molecular ion peak, where the major loss process for the dominant ions is dissociative recombination, the solar activity variations are reduced to the square root of the production rate (see equation (4)). These values are smaller than our high solar activity total ion density at 155 km of 2.9 x 105 cm -a but are in acceptable agreement. only at solar maximum, with a value of .-• 1.7 x 105  cm -a at 195 kin. At solar minimum the O + peak density is 2.6 x 104 cm-a at 213 kin, and 1.7 x 105 and  7.6 x 104 cm -3, respectively . The average ORO profiles presented by Brace and show electron densities at these altitudes of • 1 x 105 and 4 x 104 cm -3 63 x 10 4 cm -3, at 200 and 300 km, respectively, and the variations with solar activity are factors in the range 3.7-4.6. The average ORO density profiles near 300 km appear very disturbed, with large oscillations, and the measured densities may be near the sensitivity of the instrument. Nonetheless, it is clear that the solar activity variation at 300 km is larger than our model indicates and may be an order of magnitude or so. If so, it is possible that the values for • and/or T• that we have adopted, which are nearly the same as those at high solar activity, are too large at high altitudes. A reduction in the plasma temperatures would decrease the scale height of the ions on the topside, as Kim et al. [1989] showed. Mahajan and Mayr [1989] argue that the Venus low solar activity ionosphere is compressed by the interaction with the solar wind, which induces downward and horizontal transport of ions, resulting in a "photodynamical" ionopause. In this situation the O + ions on the topside take on the scale height of the underlying neutral O, which is half that of the ion. Luhrnann e! al. [1987] suggested that the compressed nature of the ionosphere at solar minimum is evidence that the ionosphere is permeated by large-scale magnetic fields, which occurs when the ionospheric plasma pressure is not large enough to withstand the solar wind dynamic pressure. In any case, the interaction with the solar wind with the top of the atmosphere may produce a loss process for ions that we are unable to mimic in our one-dimensional models without magnetic fields.
A high-altitude peak in the O + density profile is predicted by our model at both solar activities but is apparent as a shoulder in the total electron density profile
It is noteworthy that the solar activity variations at the ion peak and above the ion peak on the dayside are very different, both in the measurements and in the models. The variation of the peak is •50-60% from solar minimum to solar maximum, a factor of • 4 at 200 km and a factor of 5-10 or more at 300 km. The variations in the EUV fluxes, which produce the ions over most of the altitude range near and above the peak, are of the order of 2 -3. Thus there is a clear difference in the solar activity response at low altitudes and at high altitudes. This behavior is also seen on the nightside and has been interpreted as evidence that there are two different sources of ionization, ion transport from the dayside and electron precipitation, with very different solar activity dependences [e.g., Kliore e! al., 1991; Knudsen e! al., 1987]. We see here, however, that one cannot draw such a conclusion a priori. Indeed, the solar activity behavior of the molecular ions reverses sign from the peak to altitudes substantially above the peak. Thus the difference in solar activity response at high altitudes and low altitudes for both day and night may be caused by differences in the chemistry of atomic and molecular ions, in the underlying atmosphere, and/or in the plasma and neutral temperature profiles, rather than being indicative of differences in the sources of ionization.
Minor Neutral Density Profiles
We have also computed the density profiles of NO, N(2), N(2 As discussed in section 3, it is possible that the rate coefficient for this reaction, which is spin forbidden, is much less than this value, and we discuss the effects of that assumption below. The N(4•q) density profile exhibits a peak of 3.4 x 107 cm -a at 138 km for solar minimum conditions and 1.0 x l0 scm -a at 135 km for solar maximum conditions. This variation of about a factor of 3 is smaller than the variation of the major source mechanisms of a factor of -• 5 near the peak. The major sources at the density peak are direct production by photodissociation and photoelectron impact dissociation of N2, and a few chemical reactions, including quenching of N(2D) by CO and O (reactions (R84) and (R86) ), dissociative recombination of NO + (reaction (R122b)), and charge transfer of N + to COs (reaction (R28b) ). The major loss processes are the reaction with NO (reaction(R82)) and + NO+ + O, with the former dominating at low solar activity and the latter dominating at high solar activity. The increase in the density of 02 + with solar activity leads to an increase in the loss rate by (R15). This is largely responsible for the damping of the variation in the peak N density that is observed compared to that of the source functions.
If the rate coefficient for (R80), ks0, is much less than 10-• 6 cm 3 s-•, the results differ considerably. We processes are reaction with CO2 and quenching by CO and O, with a smaller contribution from quenching by electrons. The peak increase by a factor of 2 from solar minimum to solar maximum is slightly smaller than the increase in the magnitude of the production rates, which is a factor of 2.6. The damping is due to a larger increase in the rates for quenching by CO and O, the mixing ratios of which are enhanced at higher solar activity. The solar activity variation of the peak density of N(2P), a factor of 2.0, is similar to that of N(2D). N(2P) exhibits a peak density of 3.7 x 103 cm -3 near 147 km at low solar activity and at 7.5 x 10 3 cm -3 near 145 km at high solar activity. The major production mechanisms are photodissociation and electron impact dissociation of N2. The major loss process at the peak is radiation to N(2D) and N(4S), with significant destruction due to quenching, mostly by O. The increase in the peak densities is damped slightly compared to that of the production rates, which increase by a factor of 2.3, owing to the increase in the rate of collisional deactivation by O, the mixing ratio of which increases with solar activity. We can compare our computed high solar activity density profiles for odd nitrogen species with those predicted by Girard ½t al. [1988] . Gdrard et al. included the reaction of N(4S) with CO2 in their odd nitrogen scheme but did not specify the rate coefficient that they used. Since their model showed a high-altitude peak for NO, we compare their predictions to our high solar activity alternative model. The N densities for the two models at 200 km are similar, but the peak densities are different. While Gdrard et al. predict a peak density of N at 126 km of 6 x 10 7 cm -3, our N density peak is 9 km lower and a factor of 4.7 larger. The NO profiles peak at approximately the same altitude, The chemistry of atomic carbon in the Venus ther-mosphere has been discussed by Krasnopolsky [1982] and by Foz [1982b] . The major source of C is direct production by photodissociation of CO, with a smaller contribution due to photoelectron impact dissociation. At high altitudes, CO + dissociative recombination (reaction (Rl19)) becomes dominant. The major loss process for C is reaction with 02. An 02 mixing ratio of 3 x 10 -3 was inferred by Paxton [1985] 
Summary and Conclusions
We have constructed models of the low and high solar activity thermospheres and ionospheres of Venus for equatorial latitudes and 1600 hours local time. Our computations have shown that the production rates of some of the ions (CO2 +, N2 +, and NO +) at their peaks vary with solar activity by a factor of • 2.5, approximately as the solar EUV fluxes. The solar activity variation of O + production, both in the ground and excited states, and that of CO + were found to be enhanced over that of the EUV solar fluxes, owing to the greater mixing ratios of the neutral species from which they are formed. The variation of the He + peak production is larger than that of other ions because the variation of the solar fluxes at wavelengths shortward of the ionization threshold, 504.8 ]i, is larger than that of longer-wavelength solar photons. Since the H densities decrease with solar activity, the production rate peak of H + is also anticorrelated with solar activity. The production peak is also found higher in the atmosphere, as is typical for an ion formed from a light species in an atmosphere in which the primary absorber is much heavier.
The variations of the peak ion densities with solar activity are summarized in Table 5 . 02 + is the major ion over the range 120-190 km, and its peak density varies by a factor of • 1.6, approximately as the square root of the solar flux. At altitudes less than 120 km, NO + dominates. In regions of high neutral densities such as the lower thermosphere of Venus, ionization flows from species whose parent neutrals have high ionization potentials to those that have low ionization potentials. Since the ionization potential of NO is the lowest of any of the atmospheric species considered here, its only loss process is dissociative recombination, and it is the terminal ion in the lower ionosphere. Direct production by ionization of NO is not important, because NO + is formed in many ion-molecule reactions in the thermospheres of the terrestrial planets. The NO + density profile is complex and exhibits two peaks, which reflect the altitude variations of the production processes.
Since they are destroyed mainly by reactions with neutrals rather than by dissociative recombination, both CO + and N + peak high in the atmosphere. Their densities increase with altitude as the neutral densities decrease. The solar activity variation in the N2 + peak is about a factor of 2, which is slightly less than that of the solar fluxes, because the increase in the production mechanisms is countered by the increase in the neutral densities with which it reacts from low to high solar activity. The peak in the CO + profile, however, increases by a larger factor of 3.3 from low to high solar activity because the mixing ratio of CO is enhanced at solar maximum, and the total production rate increases faster than the total loss rate as the solar activity increases.
The peak densities of the atomic ions, O +, N +, and C +, increase by relatively large factors of 5.2, 7.8, and 18 from low to high solar activity because their parent neutrals, O, N, and C, are photochemically produced and also exhibit large solar cycle variations. The C + density solar activity variation is greatly amplified compared to that of the solar fluxes because C + is produced from C, which is itself enhanced because it is formed by photodissociation of CO, the densities of which also exhibit large solar activity variations. The larger variations of the atomic ion densities compared to those of the molecular ions produce a composition variation, in which the ratio of atomic to molecular ions increases with solar activity. In fact, the increase in the densities of atomic ions and thus electron densities at higher altitudes leads to an inverse response of the molecular ions on the topside, because they are destroyed at high altitudes by dissociative recombination.
Since there are no daytime in situ data at low solar activity, only radio occultation electron density profiles are available to compare to our low solar activity model. Our predicted electron-density peak varies from 2.9 x 105 to 4.7 x 105 cm -a, from low to high solar activity, in good agreement with the PV ORO profiles. The high solar activity electron density peak also agrees well with the O ETP measurements. The computed electron 21,330 FOX AND SUNG: SOLAR ACTIVITY VARIATIONS OF THE VENUS IONOSPHERE density peak is, however, at a higher altitude in the solar minimum model than in the solar maximum model, in contrast to the measured profiles. This may indicate that the low solar activity VTS3 CO2densities are inaccurate below ,-• 160-170 km. Alternatively, it could indicate an error in the adopted T• profiles, which begin to diverge from Tn near the ion peak.
In our models the high solar activity O + profile exhibits an F2 peak that appears as a visible shoulder in the electron density profile. Such a peak is only occasionally seen in the high solar activity radio occultation profiles. The P V O RO measurements were mostly, however, at higher latitudes. This may indicate either that the VTS30 mixing ratio is too large at high solar activity or that it is lower at high latitudes than at low latitudes.
The model electron densities in the 200-300 km range are too high by ,-•60%. Our model also underestimates the solar activity variation of the electron density at 300 km, where the low solar activity electron densities are much larger in the model than the average ORO profile shows. Both of these phenomena may also indicate that the model O densities or our assumed low solar activity ion and/or electron temperatures are too high. In addition, at high altitudes the ion densities will be reduced by day-to-night transport, which is known to take place and to produce the nightside ionosphere. This effect can be represented in a one-dimensional model by putting an upward flux boundary condition on the ions. Preliminary calculations, however, indicate that the magnitude of this effect is not sufficient to produce the reduction needed in the low solar activity model at 300 km. It is also possible that the direct interaction of the solar wind with the ionosphere cannot be mimicked near the ionopause in a one-dimensional model that does not incorporate magnetic fields [e.g., Luhmann et al., 1987] .
In any case, both the measured and model solar activity variations of the dayside electron density profile exhibit a strong altitude dependence, even though the source of ionization is photoionization and photoelectron impact ionization at all altitudes. The observed and measured variations range from a factor of 1.6 at the peak to about a factor of 4 at 200 km, to factors in the range 5-20 at 300 km. This same behavior is observed on the nightside but has been interpreted as evidence that different sources of ionization operate at different altitudes. This conclusion is not justified unless the solar activity response of the underlying neutral atmosphere, of the neutral, ion and electron temperatures, and of the differences in the identity and chemistry of the constituent ions at each altitude are taken into account. Indeed, the altitude varig[ion of the solar activity response of the nightside ionosphere mirrors that of the dayside ionosphere.
Among the minor neutrals, we have computed the density profiles of the odd nitrogen species NO, N(4S), N(2D), and N(2P). The predicted density profiles of N and NO depend on the assumed rate coefficient for the reaction of N(4S) with CO2 (reaction(R80)), for which various upper limits have been measured. The computed topside N density profiles fit the VTS3 values only slightly better for values of ks0 near 10-•6 cm a s-•, and the N density profile exhibits a factor of 3 solar activity variation at its peak. The N density peak is, however, a factor of 3 larger and 20 km lower for an alternative model in which ks0 is assumed to be 10-•9 cm a s-•. 
